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I. Introduction 

This i s  the fourth semi-annual report (August 1, 1965 to January 31, 1566). During 
the last two years, from February 1, 1964, io  January 31 , 1966, research work has been 
carried out in the Department of Spce Science and Applied Physics, Cirtholic University 
of America on the feasibility study of gosews core cavity reactor under the Grant NsG 586. 
The initial phase of the effort i s  mainly coxentrated on exploring and understanding the fluid 
mechanical aspects on the feasible models of the cavity reactor which are initiated in the 
Space Propulsion laboratory of the Depari!ment. 

In order to improve the specific i r p l s e  of the feasible gas core reactor over that 
of the solid core reactor, mobile fuel e’ements are desirable and may undergo the materia! 
states of solid, liquid, gas and/or plasrra according to level of temperature of the reactor, 
through the operating cycles from star? 00 stop and to restart again. Therefore for simulation 
in the model study during the last two years, light gas or liquid has been used as propellent 
fluid with solid prticles, heavy liqu d or gas as the mobile fuel elements. The immediate 
problems are on (a) to confine the mhi le  fuel elements orderly and steadily in all the material 
states in the model, bB how to min:mite the fuel loss from drifting away by the fast moving 
propellent fluid in exhaust and (c) now to determine the flow characteristics. 

Two types of reactor modelj are studied (1) cylindrical geometry and (2) toroidal 
geometry. A large number of tv a-dimensional models with different designs, injection 
and exhaust schemes have been studied and compared, k fore the promising three-dimensional 
models are chosen. 

(1 ) Cylindrical Geomex ~_- 

In the cylindricd ge‘rnetry, the preliminary s i u d y  i s  concentrated in *he following 
three main areas with liqv d as propellent combined with heavy liquid or solid particles as 
fuel. 

(i) Good coriainment of heavy fuel elements at starting and stop under gravitation. 
It i s  found that Q consic mb le  amount of moki le fuel elements can be drifted away easl fy by the 
exhausting propellent i i the process of start and stop. To prevent this type of fuel loss, a 
great deal of study i s  lade on the optimum shape of $he end portion of the nlodel. 

(ii) Effect cf end tangential jets on fuel distribution and containment The secondary 
flow which i s  develoF:d both next to the cylindrical wall and end walls can lead to serjl:stantb! 
fuel loss. Some end fingential jets are arranged to control the amount of axial fwcl disiribufion, 
thus minimizing the Fel loss. 

$ii) Contr31 of radial location of fuel distribution. The fwell elements can be 
pushed away from tts wall against centrifugal force. This i s  done by varying the amount 
of the radial inject‘on ob propellent fluid, This m y  be considered as a means of fuel 
confinement withofri. avci:ieating the wall. 

fi-41 Ve focify a nd pressure measurements Wall static pressure distribution hzs 
. f  been measured in ,:t numi :r of @uses. I)ecause of being i”Z-rree--Jimcnsionol turt-jknt rotc~:cr?c:. 



motion, the measurements of local particle velocity either of propellent or Fuel elements 
in the flaw field ore difficult and some new techniques ore in development. Some preliminary 
results are included in  Appendix A. 

Wth the progress on finding some promising cylindrical models from the above study 
and experience, we are planning to build a number of better and more occurate models in the 
third year program to carry out o higher degree of measurements and evaluotions on the feasible 
models. Our understanding of the fluid mechanics of these models wi l l  thereby be improved. 

@) -= Toroidal Geomet? 

It i s  a very complex problem to study in the model of the toroidal geometry because 
it i s  difficuIt to observe visually. As sound preparatory steps, o large number of two-dimensional 
models have been studied prior to construction of the first three-dimensional madel. 

Fw?5 0) Two-dimensional circular model of tangential injection and outlet. 
case of the density ratlo P2 f i  [c, 1 ,  the heovy fluid with density 

can mointain at the center core wit very little toss and Is driven as a solid body by the 

ment seems fuvorable. However, in  the case of 

larger than unity, the high density fluid connot rnaintaincthe central core but diffuse toward 
the wall  under the influence of the centrifugal force through rotation. The containment of 
heavy fluid i s  not good. The situation on containment can be improved greatly by withdruwing 
the light fluid from a mouth of the outfet tube located near the core. There i s  difficulty in 
determining the concentration of heavy gas with the present gas chrornotograph, because of 
i t s  low sensitivity. Some loser light observation technique i s  under development The 
experimental system i s  in the process of construction. The rented IcKer wi l l  be delivered in 
the next few weeks. 

+- 
- $1 being large or much - 

high speed light fluid of density B 1 injected alo the circu ference wall. The contain- 

1 

The containment of solid particles mixed in  liquid or in gas has been observed to be 
exceedingly good, particularly with suction mouth of the outlet tube located near the core 
center. Currently, the containment of heavy gas in light gos i s  under study. 

Qii) Rapellent Exhaust Outlet. A great deal of study has been made to improve 
the propellent exhaust outlet such that the least amount of fuel elements cen b drifted away 
by the exhausting propellent, The withdrawing mouth as stated i n  (i) i s  found very effeciive . 
Fome pre liminury experimental dota are shown in  Appendix B. 

f i i i} Three-dimensional Model. A three-dimensional model i s  developed and i s  
made with stainless steel shell of 6 1/2 inches minor diameter and 2 1/2 feet overall diameter 
with glass windows through which the fuel particle motion can be observed under 3 slsccial 
light system. Preliminary runs with compressed air, sand and  lass L-eads seem to show ex- 
ceJIent containment of fuel elements. Mixture of heavy and ight gas will be studied in the 
third year. 
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(3) Theoretical Stu3 

A. General keoretical Approach 

In this program when any new experimental phenomena i s  discovered, a 
discussion among members of the whole group i s  immediately held which usually stimulates 
some new ideas and physical insight into a problem. Then some simplified mathematical 
model can be formulated and mathematical treatment wi l l  start. In other words, we try 
to develop some simple theories fiat to fit the needs of the experiments. 

In the present program, two phase fluid flow of high density ratio i s  essential 
to the problem. Three-dimensional configuration, radial and circumferential drifts, 
secondary flow, centrifugal force, mass transfer, heat transfer, magnetohydrodynamic 
effects, instabilify and bouyance force all are also very important features in the present 
stage of study. However, each of the above features i s  a difficult subject to analyze in 
fluid mechanics and heat transfer, particularly with turbulent multiple-species flow. 
Because of the complexity of the problem, both useful experimental and theoretical 
results cannot be achieved in a short time. Better understanding can only be gained 
thrwgh many careful experiments, intelligent observations and measurements, and timely 
needed analysis. 

B. Stability Study 

A study of the stability of a swirling flow in a circular magnetic field has been 
made and the stability criterion i s  established. A rather striking phenomenon i s  that there 
i s  a case i n  which the unstable circulatory flow field i s  zounterklanced by the unstable 
circular magnetic field such that the combined field makes a stuble flow. The general 
analysis and detailed calculations are contained in Technical Report No. &-006. 

(a) "The Stability of Swirling Flow of a Viscous Conducting Fluid i n  the Presence 
of a Circular Magnetic Field, I' by k i e n  Ping Pao, Technical Report No. 65-006, (SSAP), 
May, 1965. A sufficient condition for the stability of a swirling flow in  a circular magnetic 
field i s  established. A stronger sufficient condition for stability i s  also given on physical 
grounds and by an approximate mathematical proof. Detailed results for small spacing 
between the cylinders are given. It i s  shown that the stronger sufficient condition for 
stability i s  exact for small spacings. A new branch of solution which corresponds to 
negative critical Taylor number i s  calculated. 

An approximate solution for Q particwlar case i s  Q ~ S Q  given. A rather striking 
phenomenon i s  that there i s  a case which the unsfable circulatory Flow i s  counterbalanced 
by the unstable circular magnetic field such that the combined field makes Q stable floav. 
The dual roles of viscosity and magnetic diffusivity and their physical mechanism are USSO 
discussed. 

(L) "The Stability of Viscous Condwcting Swirling Flow in  the Presence of Q 

CIrculat Magnetic Field and a RadiuB Density Gradient," by h ien  Ping Pao, S E N  
Technical Report, The Catholic Universify of America. (in prC;paratio:i). 
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Due to m e  difficulties encountered in the numerical calculations, the final 
form of this =POI+ has not been completed. Ybe stability of an eladrically and tliermally 
conducting swirling flow in  the presence of  a radial temperature gradient, as well as a 
circular magnetic field i s  studied. New classes of solutions which correspond to the 
negative generalized Taylor number are calculated and tabulated. The interesting 
conjugate relationship Ixtween different branches of solutions i s  revealed. The roles 
of three diffusive cocf-ficients, momentum, magnetic, and thermal diffusivifies, are 
discussed. 

(c> "Mclgnetohydrodynamic Flows of Rotating Fluids, " by &en Ping Pao, 
S U P  Technical bp!, partly supported by NASA Grant NsG !586 (in preparation), 

In this work, fwo cases are being considered- 

{I)  Rotating flows of Von Karman btating disk). 

(2) Rotating flows of Bodewadt (fixed disk), both in  the presence of a circular 
magnetic field. The governing equations hove been reduced to a xt of ordinary differential 
equations by the similarity argument. Some numerical calculations are being carried out. 
It i s  found that the circular magnetic field has a stabilizing effect upon the rotating flows, 
The interaction i s  quite significant when the magnetic Prandtl number i s  large 
or the magnetic field strength is  strong. The flow also exhibits the boundary layer nature 
as does the non-magnetic case. 

Q/q 

(d) '*Taylor Instability of a Jet in  CI Stratified Gas Flow, " This work wi l l  be presented 
i n  SSAP Report No. 66-002 by Dr . T. J. Eider and wi II be submitted in the middle of Februar/. 
In the cavity reactor a hot heavy gas is supported by a lighter cool one. While the system is, 
of course, unstable, the temperature distribution may give rise to o stratification of density 
or entropy which i s  stable within each layer. The stability with respect to ma l l  perturbations 
Of such a configuration has been studied assuming an incompressible, inviscid fluid and a 
velocity profile of the jet type. The cominant instability i s  associated with the density 
discontinuity (Taylor instability) and i s  largest for lorge values of the wavenumber of the 
perturbation (small eddies) in which case it is essentially decoupled from other effects. It 
i s  found that for small wavenumbers the effect of the stable s$ratification i s  de-stabilizing . 

C. Density Pmfite and Suction in Mixed Flow 

(a) Continued study on the establishment of density profile for the flow of a two-fluid 
single phase gas mixfure has been undertaken. A theory i s  developed for the c a s  of swirling 
flow with the M y  force provided by the centrifugal action of the swirl. Solutions ore given 
for a large class of swirling motions including motions with rcm-se flow. Asyrnpi-otic forms 
of the density profiles are explicitly calculated. A "singular" perturbation scheme i s  used 
to give the orders of the higher order correction terms in  terms of the reciprocal of a diffusive 
Reynolds numher, and the uniform valicity of the zeroth order solution i s  established. The 
f i rs t  report &-005(a) was published as NASA Cr-330 and the second reprt w i l l  afso be 
published as NASA Cr and i s  now in print. The work i s  done by Dry T. YJ. Kcao. 
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Study i s  also being made on the theoreticat determination of the compositian of 
the fluid withdrawn from the cavity reuctor to assess what i s  the percentage of fuel that 
i s  lost i f the concentration profite of the fuel i s  established according to the theory 
mentioned in  the last paragraph. 

Previous investigations on the establishment of concentration profiles have assumed 
the flow to be invisctd and essentially incompressible. The effects of viscosity and 
compressibility have therefore to be assessed. It is also desirable to incorporate injection 
and withdrawal into the problem. Presently, u two-dimensional cylindrical axi-symmetrfic 
model with prexribed tangential and radial velosity at the outer radius and withdrawal 
from an inner radius i s  being considered for a binary, viscous, compressible fluid. 

0 .  Radiation Heat Transfer Between Two Parallel Sfmoms of Optically Thick Flows 

The radiation heat transfer between two parallel streams of absorbing and emitting 
rudioting gases i s  studied. n7e problem is described by the Rosseland diffusion approximation 
together with the mdiation slip boundary condition. Considering that the flow i s  iwornpressible 
and inviscid, the exact solution of the problem i s  obtained. The solution shows a smooth 
transition regime between the optically thin and the optically thick regions. the thickness 
of radiation layers i s  calculated. The report on this work (No. 66-001) i s  prepared by 
Dr. Y. C. Whang and has been sent out at the end of January 1966. 

(4) Pubkcstions and Lecture 

During the two years interval, eight reports have been/wiII be sent to the 3ffice 
of Grants and Research Contracts, NASA. A lecture on Experimental Development of Gas 
Core Reoctor at Catholic University was given by Dr. C. C. Chang to the lewis Research 
Center, NASA, on November 22, 1965. 

The reports are shown in the following tist: ~ 

l i t l e  - Technfcal Rept. No. (SSAP) 
;.19 

65-001 

65-002 

Date Submitted . I 
Stability of Two-Layer 2/11/65 
Viscous Stratified Flow 
Down an Inclined Plane 

Magnetohydrodynamic bundury 2/4/65 
layer Between Parallel %earns 
of Different Magnetic Fields and 
Tern pe ra tu res 

Stability of a Shear Flow in on 
Unstable Layer 

2/4/65 

C)n the Establishment of Density 
Profile for the Flow of a Two- 

(poblished as NASA CR-330) 

4/9/65 

rl 0-1 C l - - l ,  &,,, e-- AAr.2 ..__ riuiu aiigirz a i i u a c  WYP J ~ U . ~ U I G  



-6- 

Technical R e p 2 s  (cont'd) . _  -.. - - 

6600 1 

66002 

Establishment of Concentration 6/18/65 
Profiles for a Binary Fluid for 
Duct and Swirl Flow 

The Stability of Swirling Flow of 
a Viscous Conducting Fluid in  the 
Presence of a Circular Magnetic Field 

6/18/65 

Radiative Transfer for Parallel Streams 
of Radiating Gases 

2/1/66 

Stability of a Jet in a Stratified Gat 
Flow 

2/1/66 

According to Mr. R. G. Ragsdale of Lewis Research Center, Reports 65-002 and 
65-005 wi l l  be published at Lewis and further distribution wil l  be made from there. 
Report No. 65-06 also was submitted to the Journal of physics of Fluids for publication. 
Reporf No. t.S-001 i s  already published in  the May 1965 issue of Journal of Physics of 
Fluids. Report No. 65-002 also hat been submitted to the AIAA Journal for public<l?ion 
and i s  i n  revision. 

In the next few months, a number of reports wi l l  be completed and forwarded to 
the Office of Grants and Research Contracts, NASA. Some of the details of these 
reports wi l l  be stated i n  this progress report. 



-7- . 

APPENDIX A. Preliminary Measured Data of Cylindricol GeomeQ 

As mentioned in our previous reports that confinement of heuvy particles in fluid 
medium i s  extremely well for this geometry. Studies were made on internal cavity design, 
flow characteristics, confinement of different density ratio solid particles, liquid to liquid 
and gas to gas phases. Some prelimirmry resuh are presented in the following: 

1. Experiment with flow of liquid : 

(A) Test Model Geometry: (refer to Figure 1 .) 

Cylinder of 6 1/2" I.D. 

Length = 11 1/2" , rJD = 1.75 

Two tangential jets, one on top end wall one on bottom end wall with 
m e  right hand Sense of rotation looking from the top. One 1 1/4" 
exhaust opening at the center of tattom of cylinder. 

(8) Trapping of hwwy s l i d  particles in  light fluid medium: Water 

Heavy particles Specific Gravity Partic le Sire 

sand 1.8 20 - 60 msh 

glass b e d s  2.5 1/32" - ?/16" j8 

lead shots 11.3 .005 - .03@" g 

iron powder 7.5 100 - 1000 microns 

When the unit i s  operating with top of bottom jets balanced at approximately 
j :I  flow ratio, at a radial Reynolds No. ctbaut 140 (Rei = 
corresponding to a flow rate of 4 GPM and particle tangential vefocity'along the 
wall = 2.5 ft/sec ., the various solid particles listed above, could all be completely 
trapped in  a circular ring in the mid-section of the cylindrical cavity. h e  to the 
conical design kqtore of the lower end wall, these heavy solid particles originally 
settled at the outer periphery of the bottom end wall surface, wi l l  be swept away by 
the bottom jet upward, picking up speed instantly and i t s  centrifugal force off-sets 
the radial inward pressure grudient produced by outer vortex flow e Thus no particle 
wi l l  be carried tway Ly the radial koundary lalier mass flow at the end walls toward 
exhaust. fl i is characteristic makes possible t h c  complete trapping of heavy particles 
during ~OIVIQI running condition as well as during intermittent stopping and re-starting 
operations. 

PQ/2 t L& ) 

(c) Pressure Disf.ribution, velocity Distribution, and Flow Pattern of Cy!indrk.ai Geometry 

a ,  Pressure distribution: 

Study OF static pressure distribution curve plotted from measured data showed 
a clear and wsl! defined relationship between the position of trapped particles with 
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the rtatic pressure d;strihtion along the axial direction of the cavity. 
Refer to Figure I I  arrd 111, evidently the particles were trapped in the tow 
pressure region beimen the two swirling jets on opposite ends, ad kept 
away from center core through the action of centrifugal force. When the 
top iet i s  shut a';, with only tha bottom let in operation, lowest pressure 
(oxiol directioi) wi l l  be found neur the top end wall and all  the heavy 
particles will be forced toward this region, their w igh t  supported by the 
axhl pressur3 gradient. Radial pressure distrihttfon is indicated in Fig. IV. 
Measurerne,,t was taken fiom the top end wall. 

b. Velocity distribution: 

Taqential velocity distribution, Gefer to Fig. V .) of the cavity may be 
obtainjd through the use of tracers synchronizing with sttaboscopa3 and camera 
s b t t t i .  The velocity profile is close to theoretical potential vortex flow 
(cormvation of circukrtfonj ot outer rodfus V d / r  kt deviates oppreciably 
wk:n i t  approaches the core. When radial flow i s  introduced at the canter 
sttian to brce the heuvy particles away from the side-wall at the later part 
,f the experiment, tangential velocity dtstrihtion i s  further modified as can 

re seen from Fig. V. Radial and axial velocity i s  difficult to determine as 
multiple cell flow pattern exits throughout the cavity the velocity profile 
varies along the axial direction of the cuvlty so that axial symmetry no longer 
exits. Maximum axial velocity i s  found at the outer periphery of the center 
vortex core. 

Fbw pattern : 

Observations of ffow pattern were made with tracer dye injection at 
\ariaus locations. Solid tracer with density approximate to water were also 
!sed. A strong ai01 down-ftow region from the upper end wall  txxtndary layer 
f 2  the exit hole in the lower end wall, i t s  diameter i s  approximately equal to the 
w't hole diameter at bottom end wall; an annular upflw region surrounding it. 

bother  somewhat diffused downflow region surrounds both of them. However, ousside 
$ this core structure, other cells of circukrtion were also present. New fluid 
admitted through the jets f i rst  circulates along the walls to achieve the effect 
of cooling, then enters into local up and dawn cel l  motion and finally exits 
through the center core. Sufficient residence time i s  ensured for heat transfor 
processes 

A portion of new fluid admitted tends to short-circuit toward exhaust. through 
the radial boundary layer mass flow at the end walls. This boundary layer mass 
flow i s  affected by the design of end wall contours. A Froper end wall contour 
w i l l  set up local up-and-down cel l  motio 4 to reduce this boundan1 layer flow. 
An optimum design and i t s  effectiveness has yet to be determined. 

\ 



(D) Liquid to liquid 

While setting the model cwity in  normal operation top and bottom jets 
balanced, dyed carban-tetrachloride (sp.gr. 1.58) liquid was injected into 
the flow. The heavy non-miscible-with-water liquid would disperse into 
liquid droplets behaving like heavy solid particle forming a ring of droplets 
trapped in  the mid-sectton of the cavity. 

(E) Addition of Radial Flow 

The cylindrical model was modified by perfarating the section of side wall, 
where the ring of heavy particles suspended, with holes (1/16 dia holes at 1/4" 
spacing). An externol jacket was added so that water may be forced through the 
perforated holes in radial direction to force the particles away from side wall.  
This i s  necessary for reactor operation so that solid walls w i l l  not ke overheated 
by fuel elements. This radial flow seemed to be effective in forcing the particles 
toward the core in a distrihted sheet. Due to iet action of these small perforded 
holes, the particles bounded kack and forth along the sidewafJ and flow v'as quite 
turbulent. Radial velocity i s  high in this section, resulting short flow residence 
time. fts effect to tangential velocity distribution i s  shown in Fig. V. The purpose 
of forcing the hewy particles away from side wall i s  partly achieved but too 
turbulent to be of pructical value to gcrseous flow condition where loss of fuel 
due to turbulent diffusion would be high. Radial f low i n  the midsection by 
introducing tangential jets at this section seems PO be more desirable. Although 
the particles cannot be forced away at some distance from the sidewall yet the 
layer of cool laminar flow interposing between the fuel element and side wall 
would be highly desirct5kr. More reliable results wi l l  have to be determined from 
gas to gas phase models. 

I I. Experimenfs with Gas-Flow Medium 

A. Trapping of heavy particles in light fluid medium 

Flowing fluid medium: Helium gas (mol. wt. 4) 

Heavy particles: sand particles 

iron powder 

'then the unit of Fig. I i s  operating with top and bottom jets balanced at 
approximately 1 : 1 flow ratio, at a radial Reynolds num!.cr above M ( k ,  = 
corresponding Po a flow rate of 10 SCFM with let speed 4.50 ft/ssc. The heavy 
solid particles listed af-ave could be completely trapped in  cp circular ring in 
the mid-section of the straight cylindrical cavity. The Flow chmactcrlstic i s  
essentially the same as liquid medium model as in the previous experiments. 

@/2;,; !-I.<. 



B. Trapping of Heavy gas in light gas medium: 

Continuous-flow light fluid medium -- Helium (Mol M. 4) 
Heavy gas used: Freon-12 CC12F2 (Mol. wt. 120) 

Experimental Model used: 

Model 1 (Rekr to Fig. I) 

Equipment used: 

GJS Chromatograph 

Perkin Elmer Model 820 

Honeywell Viscorder Model 906C 

When the unit i s  operating at a Radial Reynold No. 32 with top and bt tom 
jets balanced as in the previous experiment corresponding to puce Helium flow rate 
of 16 SCFM with jet speed 720 ft/sec. A limited amount of pure Freon gas ( - 100 cc) 
i s  injected either into the helium inlet iet or directly into the mid-section of 
the cylinder. Consecutive extractions of mixture d sampling port located where 
the band of heavy freon exits, are immediately taken by a 2 cc syringe 30 seconds after 
completion of injection. These sampling mixtures are fed directly into the gas 
chromatograph to obtain freon concentration readings from the Honeywell vis- 
corder. The decay of freon concentration with time i s  similar to Fig. VI1 i n  
Appendix B. Very encouraging results are obtained as concentration decreases 
approximately 50'36 (by volume) every minute while the total quantity of helium 
flow per minute i s  60 volumes of cylinder capacity. Turbulent diffusion seems 
to be the main cause of loss of freon concentration. This containment could 
definitely be improved with better cavity conffguratioil and careful jet design. 
A study of flow pattern for this model with water and dye injection w i l l  help to 
achieve better design and cut down turbulence in  the cavity. 

Further study of this model with addition of radial flow to force heavy gas 
away from side wall needs to be made, in  consideration of wall overheating 
problems. Other quantitative measurement techniques are being developed 
to determine accurately the amovnt of freon being trapped, the discharge ' 
volumetric or weight flow ratio between h o n  and helium, etc . 
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APPENDIX B. Reliminory fxprimental Data for Toroidal Geometry 

Toroidal Geometry 

A &in. cross-sectional diameter stainless steel 3- dimensional model was 
fatricded with two diumetritally opposite exhaust ports and four tangential injection 
porfs spaced equally. She injection p r t s  could be tilted to provide axial vefocity to 
the vortex ring core. The exhaust ports have csdjusimlle stem insertions into the cavity 
so that selective withdrawal of fluid mixture at different radial positions can bet achieved. 
!r? the meantime, the stream1ine.J exhuust stern may be rotated in relation to the flow 
direction to cause minimum turbulence. Cross-sectional flow pattern may be viewed 
tkrough viewing ports with s l i t  light incorporated; however, overall view of heavy particle 
for fluid movement i s  difficult to obtain. A two-dimensional model made of acrylic clear 
piastic i s  used to study the effect cf exhaust port stem insertion with regcard to heavy fluid 
containment and i t s  radial Concentration distribution. Since toroidal geometry does nol kcwe 
end-walls, no solid particle or heavy fluid wil l exape through the radial mass flow due to 
end-wuII boundary layer interaction, therefore, the same end-wall design and jet arrange- 
ment that we have developed for our cylindrical geometry i s  used to achieve this simulation 
This two-dimensional model wi l l  only give one narrow kand of trapped heavy fluid or pr t i c l e  
while in  the toroidal geometry, the distribution of heavy particle or fluid wil l bo more-or- 
less uniform along the entire wall. Never the less, for our present study of exhaust port 
effect and radial concentration distribution, this should prove scrtkfuctory . 

Referring to Fig. VI, a band of heavy particles (and or iron particles) are trapped 
near the center of the two-dimensional model. The location of this trapped heavy-particle 
band can be shifted at wil l by adjusting the two end wall gas iet relative strength. The 
heavy particles ure travelling along the side wall with concentration distribution conforming 
roughly to what i s  :Ilustrated in  Fig. VI. 

From measured data of heavy g s  freon concentration in continuous flow of light 
helium gas, the distribution of heavy freon i s  very much similar both longitudinally and 
radially to that of powdered heavy particles. 

M e n  the bond of heavy particles i s  shifted (by adjusting the end jets) to sarnpling 
port 81 location which i s  directly under the exfiaust port location, the effect of exhclust port 
stem insertion can readily !e determined. The desired length of insertion far selective witlidrawat 
of fluid mixture depends on the operating speed of the unit. Higher operating speed (i .e ,, 
higher gas flow rate) tends to compress the heavy particles or heavy gas into a thin band 
or layer against flie side wall, leaving the center portion with very low concentration e 
The effect i s  entirely due to centrifugal force, so that only shor t  insertion length i s  
neccsmry . At relative high speed operation an insertion length = 1,/5 D (5 = 9ia .) 
of cmity cross-section prove to be satisfactory. Short insertion i s  desidr;le $0 that cooling 
exhaust port stem would not be a pvoblerrr i n  acfual case. b w  speed operation needs longer 
stem insertion. kt for gas operafion, high operating speed meam higher Pur'alencc level 



and tttbdent diffusion i s  the main cause of loss of heavy fuel element; therefore, an 
optir.um high speed has to be determined which depends on the physical aspects of the 
cav'fy construction and design. 

To determine the loss of heavy freon gas due to turbulent diffusion for this 
~eometry, some concentration measurement data are presented in Fig. VI1 . Concentration 
readings were taken at sampling port #2 where the band of heavy gas was adjusted to 
locate. The decay of trapped fmon concentration seems to be quite slow considering 
the large flow rate of light hefium gas, 
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